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ABSTRACT 

Damage  control  resuscitation  is  the  resuscitation  of  the  massively  hemorrhaging  patient  to  restore  physiology 
and  optimize  hemostasis  with  the  overall  goal  of  increasing  patient  survival.  Damage  control  resuscitation  is 
most  often  used  with  damage  control  surgery.  In  addition  to  the  transfusion  of  blood  components  to  optimize 
hemostasis,  the  concept  of  “permissive”  hypotension  is  used  to  decrease  the  bleeding  from  uncontrolled 
bleeding  points,  the  patient  is  warmed  to  avoid  the  coagulopathic  effects  of  hypothermia,  and  severe  acidosis 
is  treated  in  an  attempt  to  avoid  coagulopathic  and  physiologic  deterioration.  The  future  of  damage  control 
resuscitation  will  most  likely  involve  the  refinement  and  customization  of  blood  componen  ts  for  the  individual 
patient  and  application  of  the  principles  of  damage  control  resuscitation  in  the  prehospital  arena. 


1.0  DAMAGE  CONTROL  RESUSCITATION 

Damage  control  resuscitation  is  the  method  of,  substances  used,  and  amount  of  intravenous  infusion  used  in 
conjunction  with  damage  control  surgery  to  optimize  survival  with  the  goal  of  “directly  addressing  the  early 
coagulopathy  of  trauma”  [1],  To  understand  damage  control  resuscitation  fully,  one  must  appreciate  and 
understand  the  epidemiology  of  combat  wounding,  prehospital  combat  resuscitation,  and  damage  control 
surgery  —  especially  as  practiced  by  military  personnel  in  the  combat  zone. 

1.1  Combat  Demographics 

From  a  retrospective  analysis,  the  majority  of  “potentially  survivable”  injuries  resulting  in  death  on  the 
battlefield  and  after  reaching  a  surgical  facility  are  due  to  hemorrhage  [2-4],  In  combat,  hemorrhage  is  the 
cause  in  83%  to  87%  of  all  such  “potentially  survivable”  deaths.  Of  these  deaths,  approximately  50%  are  due 
to  noncompressible  hemorrhage  from  penetrating  truncal  injury  [3-4]. 

1.2  Prehospital  Resuscitation  on  the  Battlefield 

Noncompressible  injuries  prehospital  are  currently  managed  by  giving  crystalloid  or  synthetic  colloids 
intravenously  after  the  onset  of  class  III  shock  (cardiogenic)  and  by  getting  the  casualty  to  a  surgical  facility 
as  fast  as  possible.  Combat  medics  are  taught  the  principles  of  tactical  combat  casualty  care  (TCCC)  for  use 
on  the  battlefield  [5].  Current  guidelines  (February  2009)  specify  the  use  of  pulse  character  and  mental  status 
(in  the  absence  of  traumatic  brain  injury)  to  evaluate  for  shock  and  then  to  administer  500  cc  of  Hextend® 
intravenously  if  the  casualty  is  in  shock.  This  dosage  is  to  be  repeated  as  needed  once  in  30  minutes  if  the 
patient  is  still  in  shock  as  determined  by  the  pulse  character  and  mental  status.  Continued  efforts  to  resuscitate 
must  be  weighed  against  logistical  and  tactical  considerations  and  the  risk  of  incurring  further  casualties.  To 
minimize  the  effect  of  Hextend®  and  crystalloids  on  coagulopathy  and  blood  pressure,  we  limit  Hextend®  to  a 
total  of  1  liter  and  recommend  “hypotensive  resuscitation.” 
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Art  trikt 


After  reaching  a  deployed  surgical  facility,  the  patient  with  penetrating  truncal  trauma  undergoes  an 
exploratory  laparotomy  or  a  thoracotomy  or  both  to  stop  the  hemorrhage.  The  surgical  technique  used  with 
massive  hemorrhage  has  been  described  as  damage  control  surgery. 


2.0  DAMAGE  CONTROL  SURGERY 

Damage  control  surgery  is  based  on  a  U.S.  Navy  term  and  process  used  to  describe  “the  capacity  of  a  ship  to 
absorb  damage  and  maintain  mission  integrity  [6].”  When  a  U.S.  Navy  ship  or  submarine  has  taken  hostile 
fire,  the  sailors-at  all  costs  and  all  urgency-immediately  put  out  all  fires  and  stop  any  flooding.  The  surgical 
analogy  is  to  stop  all  hemorrhaging  and  gastrointestinal  soilage  as  fast  as  possible. 

The  need  for  speed  in  severely  injured  trauma  patients  is  to  avoid  the  trauma  “lethal  triad.”  The  lethal  triad 
comprises  the  vicious  cycle  of  hypothermia,  acidosis,  and  coagulopathy  [7],  The  acidosis  is  from  hypovolemic 
shock  and  inadequate  tissue  perfusion  [8].  Hypothermia  is  from  exsanguinations  and  loss  of  intrinsic 
thermoregulation  [9-10].  Coagulopathy  is  from  hypothermia,  acidosis,  consumption  of  clotting  factors  and 
platelets,  and  blood  loss  [11-13].  Recent  evidence  points  to  activated  protein  C  as  playing  a  significant  role  in 
the  “acute  coagulopathy”  of  trauma  [14].  Coagulopathy,  in  turn,  causes  more  hemorrhage  and  thus  more 
acidosis  and  hypothermia;  so  the  vicious  cycle  continues  (see  figure  1).  In  full  fruition,  the  vicious  cycle  of  the 
lethal  triad  is  almost  uniformly  fatal. 


ACIDOSIS 


Figure  1 :  The  “Vicious  Cycle”  of  the  “Lethal  Triad”. 

In  1993,  in  a  landmark  paper,  Rotondo  et  al.  reported  the  successful  use  of  an  abbreviated  operation  in  trauma 
patients  to  avoid  the  lethal  triad,  coined  “damage  control,”  with  a  mortality  of  50%  [15].  Many  trauma  centers 
have  reported  similarly  successful  results,  and  a  damage  control  approach  to  the  severely  injured  trauma 
patient  is  now  commonplace  and  considered  the  standard  of  care  [16-22], 

While  originally  reported  as  an  approach  to  severe  abdominal  trauma,  the  damage  control  process  has  evolved 
to  cover  all  anatomic  regions,  including  thoracic,  neurologic,  and  extremity,  especially  in  patients  with 
injuries  to  multiple  systems  of  the  body  [23-30]. 


3.0  DAMAGE  CONTROL  SURGERY  IN  THE  CIVILIAN  SETTING 

Damage  control  by  civilian  surgeons  is  now  well  established  as  the  standard  of  care  for  severely  injured 
patients  in  the  United  States.  The  paradigm  for  damage  control  of  injuries  in  civilians  is  based  on  a  “damage 
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control  trilogy”  [31-32].  This  trilogy  comprises  abbreviated  operation,  resuscitation  in  the  intensive  care 
unit,  and  return  to  the  operating  room  for  the  definitive  operation. 

The  goals  of  the  “abbreviated  operation”  are  primarily  to  stop  all  surgical  hemorrhage  and  secondarily  to  stop 
all  gastrointestinal  succus  soilage  in  the  shortest  duration  possible.  The  patient  is  then  brought  to  the  intensive 
care  unit  to  receive  packed  red  blood  cells,  fresh  frozen  plasma),  and  platelets  as  needed  using  the  tenets  of 
damage  control  resuscitation  limiting  crystalloid  fluids  [33-74]  The  patient  is  rewarmed,  and  full  laboratory 
analysis  is  undertaken  with  the  basic  goal  of  bringing  the  patient’s  physiology  and  temperature  back  to  normal 
[35].  Each  patient  undergoing  these  operative  procedures  and  care  in  the  intensive  care  unit  requires 
significant  resources,  both  in  personnel  and  logistics. 

When  the  patient  is  hemodynamic  ally  near  normal  and  stable  with  lab  values,  ventilator  status,  and  body 
temperature  in  proximity  to  the  previously  noted  goals,  the  patient  is  then  returned  to  the  operating  for  the 
“definitive  operation.”  This  second  operative  procedure  most  often  occurs  24  to  36  hours  after  the  initial 
operation.  The  definitive  operation  would  include  bowel  anastomoses  or  colostomy  maturation,  definitive 
vascular  repair  where  an  interposition  vascular  shunt  had  been  previously  placed,  removal  of  hemostatic 
packing,  and  closure  of  abdominal  fascia  where  feasible.  The  patient  is  then  brought  back  to  the  intensive  care 
unit,  where  postoperative  care  progresses  toward  the  ultimate  goal  of  discharge  to  the  patient’s  home  or  to  a 
rehabilitation  center. 

The  documented  mortality  for  the  damage  control  approach  to  patients  requiring  a  damage  control  laparotomy 
is  approximately  50%  with  a  documented  morbidity  of  approximately  40%  [36]. 

4.0  DAMAGE  CONTROL  SURGERY  IN  THE  U.S.  MILITARY 

Damage  control  of  combat  injuries  involves  up  to  10  stages  to  allow  for  battlefield  evacuation,  surgical 
operations,  and  resuscitations  [37],  Figure  2  is  the  basic  outline  for  the  multiple  necessary  stages  in  combat 
damage  control. 


Figure  2:  Surgery  stages  for  damage  control  in  the  combat  zone. 
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5.0  DAMAGE  CONTROL  RESUSCITATION 

Damage  control  resuscitation  is  the  resuscitation  of  the  hemorrhaging  patient,  usually  before  and  during 
damage  control  surgery.  While  most  think  of  damage  control  resuscitation  as  the  transfusion  of  blood 
components,  it  is  actually  an  overall  approach  to  treat  the  condition  of  severe  hemorrhage  and  ameliorate  the 
concomitant  deleterious  effects  on  physiology.  In  addition  to  the  transfusion  of  blood  components,  the  concept 
of  “permissive”  hypotension  is  used  to  decrease  the  bleeding  from  uncontrolled  bleeding  points,  warming  the 
patient  to  avoid  the  coagulopathic  effects  of  hypothermia,  and  the  treatment  of  severe  acidosis  [38]. 

The  ratio  of  blood  components  that  approaches  the  ratio  found  in  whole  blood  is  a  ratio  of  fresh  frozen 
plasma:  packed  red  cells:  platelets  in  a  numeric  ratio  of  1:1:1  and  would  be  a  logical  place  to  start  when 
replacing  the  blood  lost  after  trauma.  Retrospective  analysis  of  data  from  combat  and  civilian  trauma  patients 
who  received  a  massive  transfusion  (>10  units  of  blood  in  24  hours)  indicates  a  survival  benefit  for  patients 
receiving  a  high  ratio  of  plasma  (clotting  factors)  and  platelets  [39-45].  When  determining  the  optimal  clinical 
blood  component  ratio,  one  must  keep  in  mind  that  from  documented  observations  one  will  get  a  lower  ratio 
than  that  which  is  targeted  [46] . 

The  clinical  guidelines  for  resuscitation  of  combat-wounded  patients  in  deployed  U.S  surgical  facilities  in 
hemorrhagic  shock  requiring  a  massive  transfusion  recommend  the  infusion  of  fresh  frozen  plasma:  packed 
red  blood  cells:  platelets  in  a  1:1:1  ratio  and  the  minimization  of  crystalloids  and  synthetic  colloids  [47]. 

Because  of  the  unique  austere  challenges  of  logistics  for  deployed  surgical  facilities,  blood  components  in 
sufficient  supply  to  allow  for  the  high  ratios  are  at  times  not  available.  In  this  situation,  the  U.S.  Military  uses 
the  transfusion  of  fresh  whole  blood.  Retrospective  reviews  of  outcomes  in  combat-wounded  patients  have 
revealed  that  the  use  of  fresh  whole  blood  is  associated  with  improved  survival  [48] .  Guidelines  for  the  use  of 
whole  blood  in  damage  control  resuscitation  also  include  the  use  of  fresh  whole  blood  transfusion  at  the 
discretion  of  the  attending  physician  in  patients  with  coagulopathy  refractory  to  component  therapy. 

For  severe  acidosis,  tromethamine;  tris-hydroxymethyl  aminomethane  (THAM)  is  infused  for  a  pH  <  7.2  in 
accordance  with  the  guidelines  for  damage  control  resuscitation.  Current  clinical  practice  guidelines  for 
damage  control  resuscitation  in  the  severely  coagulopathic  combat-wounded  also  include  the  use  of 
recombinant  factor  Vila  at  the  discretion  and  judgment  of  the  attending  physician. 


6.0  THE  FUTURE  OF  DAMAGE  CONTROL  RESUSCITATION 

Future  advances  in  damage  control  resuscitation  will  most  likely  involve  two  major  areas:  customizing  it  to 
the  individual  patient  with  unique  injury  patterns  and  pushing  it  to  the  “left”  onto  the  battlefield  [49].  Now 
that  we  have  defined  the  principles  of  damage  control  resuscitation,  the  time  has  come  to  start  to  “refine”  it. 
Instead  of  blindly  transfusing  blood  components  in  a  fixed,  empiric  ratio,  can  we  define  the  specific  needs  of 
the  rapidly  hemorrhaging  patient  and  target  blood  components  that  are  actually  deficient  in  the  intravascular 
space?  Thromboelastography  may  offer  the  best  option  in  the  near  term  for  defining  the  needs  for  transfusion 
and  targeting  blood  components  [50]. 

Thromboelastography  has  been  shown  to  help  guide  transfusion  of  blood  components  during  cardiac  surgery 
and  to  decrease  the  overall  postoperative  transfusion  requirements  in  this  patient  population  [51]. 
Thromboelastography  and  rapid  thromboelastography  have  been  documented  to  be  faster  than  conventional 
lab  values  and  have  documented  improvement  of  coagulation  with  component  therapy.  Randomized  trials  to 
document  any  benefit,  however,  are  lacking  in  the  trauma  population  [52-53].  The  future  refinements  of 
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damage  control  resuscitation  will  most  likely  need  prospective,  randomized  trials  based  on  algorithms  guided 
by  thromboelastography. 

Bringing  the  principles  of  damage  control  resuscitation  as  far  forward  onto  the  battlefield  is  also  a  logical  goal 
in  the  near  term.  All  studies  of  prehospital  crystalloid  in  trauma  patients  have  revealed  no  benefit  or  harm  [54, 
55], 

Damage  control  resuscitation  in  robust  surgical  facilities,  using  blood  products  and  minimizing  synthetic 
colloids  and  crystalloids  coupled  with  permissive  hypotension  and  thermoregulation  will  be  the  goals  of  far- 
forward  resuscitation.  Packed  red  blood  cells  by  themselves  dilute  the  other  components,  including  clotting 
factors  and  platelets;  and  young  healthy  trauma  patients  can  tolerate  relatively  low  hemoglobin  levels  [56-58]. 
Platelets  have  a  fragile  existence,  and  the  challenge  of  the  deleterious  effects  of  hypothermia  and  acidosis  in 
severe  shock  may  limit  the  utility  of  early  infusion  in  the  prehospital  arena  [59] .  Plasma  represents  a  colloid 
fluid  for  intravascular  volume  replacement,  which  also  provides  clotting  factors  to  potentially  ameliorate 
coagulopathy  [60-62],  Plasma  is  also  an  excellent  buffer,  with  25-50  times  the  acid  buffering  capacity  of 
crystalloids  [63].  Dried  plasma,  as  infused  on  the  battlefield  in  World  War  II,  offers  the  best  opportunity  for 
evacuation  platforms  and  possible  battlefield  infusion  during  prolonged  evacuation  situations  in  the  near  term 
[64,  65]. 

7.0  CONCLUSION 

Damage  control  resuscitation  is  the  transfusion  of  blood  components  in  conjunction  with  methods  to  treat 
acidosis  and  keep  the  patient  warm  and  relatively  hypotensive  to  complement  damage  control  surgery.  The 
future  of  damage  control  resuscitation  involves  further  refining  it  and  customizing  transfusion  practices 
toward  the  individual  patient.  Bringing  damage  control  resuscitation  to  the  prehospital  phase  of  trauma  care 
will  offer  the  opportunity  to  further  advance  the  care  of  the  patient  who  suffers  trauma  and  hemorrhage  on  the 
battlefield  or  in  the  civilian  environment. 
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